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SOFT SWITCHING HIGH EFFICIENCY FLYBACK CONVERTER 

Field of the Invention 

This invention relates to a driving/synchronization technique used to achieve zero voltage 
switching and regulate the output of DC-DC converters. 

5 Background of the Invention 

m In order to miniaturize power supplies, the control for power supplies has to be 

Q 

U! simplified. Another method is to increase switching frequencies to reduce capacitive and 
fl! magnetic elements. In today's and future power supplies there is a need to reduce the amount of 
W components needed to control the power supply. Among the greatest challenges is 
communication across the isolation boundary. Several techniques exist. There are opto- 

■P 

y, couplers, transformers, radio frequency devices, etc. This invention describes a technique using 

RJ 

O the same transformer that is used for power conversion. The technique is not by sending 
complicated encoded information but by actually changing the effective duty cycle from the 
secondary. 

One implementation of this invention will be shown as a self-oscillating flyback 
converter. This technique can be used with other topologies but the flyback converter is the 
easiest topology to illustrate the idea. Plus this topology offers reduced number of control parts, 
which illustrates the advantage of this invention. Fig. 2A shows a typical self-oscillating flyback 
converter where an input voltage source 16 supplies a primary winding 18 of a transformer 32 in 
series with a primary switch 8. Its turn OFF command is controlled by a combination of a 
transistor 22 and positive feedback from a winding 20, a capacitor 14 and a gate resistor 12. 
Turn ON is primarily controlled with the same winding circuit, plus a resistor 10 provides turn 

#997486 
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ON at initial startup. The transistor 22 is turned on if the current through a resistor 24 is 
sufficiently high when the switch 8 is on. During the times the switch 8 is offi it provides a 
voltage 25 alternating in polarity to the output circuit. When the output load circuit comprising a 
load 31 and a filtering capacitor 30 is coupled, during the OFF time of the switching period, 
5 current flows through secondary winding 26 of the transformer 32 and through a diode Dl to the 
output load 31 and the filter capacitor 30. 

In Fig. 2B are displayed llie voltages and currents versus time waveforms for the self- 

g oscillating flyback circuit parameters, i.e.: primary gate voltage 34 of the switch 8, primary drain 

W voltage 36 of the switch 8, and transformer primary winding current 40 and secondary winding 

jib current 38. 

W A _ 

W A ^ 1113111 drawback of this approach is that there is no regulation. The control is 

3 

O simple but adding regulation will add complexity and parts. Plus to regulate the output well an 
Nj opto-coupler has to be added. A second drawback is that for low output voltages the diode has a 
large relative forward voltage drop. A third drawback is the primary switch 8 does not have zero 
15 voltage switching in all situations. By adding a synchronous rectifier in place of the diode Dl, to 
serve as a switch in the secondary circuit, the second drawback can be avoided. This could 
introduce other problems including cross conduction. Controlling this synchronous rectifier 
correctly, the first two drawbacks can be eliminated plus cross conduction can be avoided. 



Li 
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Summary of the Invention 



a sense 



The invention employs a concept of pushing back energy to the input circuit, hi 
the secondary can change the effective duty cycle by making the off time longer. This regulates 
the output. This extra energy can be put to good use in the primary by providing zero voltage 
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switching. This also prevents cross conduction. Since zero volt switching can prevent switching 
losses at higher frequencies, the size of the converter can further be reduced 

The timing of synchronous and primary MOSFETS serving as the synchronous rectifier 
and the primary switch is important. The invention also provides a simple method of achieving 
5 this idea and a general methodology. 

This concept leads to a general concept in a flyback converter that is bi-directional 
converter. In this converter, by controlling MOSFET ON and OFF times correctly, zero voltage 
g switching can be accomplished on both MOSFETS. The algorithm to accomplish this is given. 
Objects of this invention are, among others: 

J° 1- A driving technique or algorithm that accomplishes zero voltage switching in both 

W 

RJ the primary and secondary switching devices. 

5 2 - A regulation technique using said algorithm in the primary, secondary or both, 

jfi 3 - A method of implementing detection and regulation of the driving technique by 

pjj using winding detection, current detection, or ripple detection in the secondary side of a DC-DC 
15 converter. 

The above and further objects and advantages of the invention will be better understood 
from the following detailed description of at least one preferred embodiment of the invention, 
taken in consideration with the accompanying drawings. 

Brief Description of the Drawings 

20 Figure 1 A is a semi-generalized schematic of a self-oscillating flyback converter utilizing the 
concept according to this invention; 

Figure IB plots the waveforms of the new concept converter according to Fig. 1 A; 
Figure 2A is a schematic of a prior art self-oscillating flyback converter; 
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Figure 2B plots the waveforms of a typical self-oscillating flyback converter as shown in Fig. 
2A; 

Figure 3 is a schematic of one further implementation of the invention; 

Figure 4A is a schematic partially in block diagram form, of a generalized flyback converter 
5 according to the invention; and 

Figure 4B plots the waveforms of the generalized flyback converter of Fig. 4A. 

Detailed Description 

m 
P 

Uj A semi-general illustration of the proposed concept applied to a self-oscillating flyback 

fU converter is illustrated in Fig. 1 A with corresponding waveforms shown in Fig. IB. Assume me 
^,0 converter is just powered up by applying an input voltage Vin from the source 56. A resistor 52 

p charges a capacitor 57 and, through resistor 58, a gate capacitance of a MOSFET Ml acting as a 

«P 

1=;, switch 62. MOSFET Ml turns on when its gate threshold is reached. Voltage is applied to the 

RJ 

G primary winding 66 as the primary drain voltage 84 starts to go down at point T 0 as illustrated in 
Fig. IB. This in turn produces a voltage on winding 64 which increases the primary gate voltage 

15 82 on the MOSFET Ml further, which saturates the device. Primary current 86 ramps up at a 
rate dependent on the inductance of the primary winding 66. When the primary current 86 
reaches a level that produces a drop across resistor 65 larger than its a transistor 60 turns on, 
which starts to discharge the primary gate voltage 82 of the MOSFET Ml at time Ti. When 
MOSFET Ml starts to turn off, the primary drain voltage 84 of MOSFET Ml starts to rise. This 

20 changes the voltage on the positive feedback winding 64 to a lower value, which further shuts off 
the MOSFET Ml, more quickly producing a fast turn off. Once the MOSFET Ml is completely 
off the current built up in primary winding 66 and transformer 67 must flow through an available 
winding. When the voltage on secondary winding exceeds the output voltage, the secondary 
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current 88 starts to flow through the body diode 69 of MOSFET M2. A control circuit 75 for the 
MOSFET M2 is made up of a comparitor 76, a reference voltage source 78 connected from the 
output to one input of the comparitor, and a voltage divider 74, 80 connected to the other 
comparitor input. The reference voltage source 78 provides a fixed voltage VW across it It may 
5 be a small battery or equivalent. The control circuit 75 on the secondary turns on MOSFET M2 
once it detects a negative voltage at the drain of the MOSFET M2. This reduces the drop across 
M2. The current decays with constant negative slope in the secondary from time Ti to time T 2 as 
it delivers energy to the output. The current eventually crosses zero at time T 2 . Then the 

m 

p| secondary current 88 reverses, which flows into the drain of the MOSFET M2 producing a 
J|b positive voltage drop. When there is a sufficient amount of positive voltage at the drain of the 

h I MOSFET M2 detected by the divider formed by a pair of resistors 80 and 74, a control capacitor 

Si 

s 76 turns off the MOSFET M2 at time T 3 . So, at time T 3 the secondary current 88 was negative. 

D 

jF Reference 78 is used to regulate the output voltage, which modulates this turn off time. If the 
j|j output voltage is low the MOSFET M2 is turned off right at zero, if the output is higher than 
^5 expected the MOSFET 72 is left on longer, which pushes more current back By changing the 
amount of current going back, the secondary side of the converter can regulate the output When 
the MOSFET M2 turns off the current that was pushed back (negative secondary current 88), the 
transformer reverses the primary winding 66. The primary winding starts to move charge out of 
the MOSFET Ml drain back into the input source 56, which starts to lower the primary drain 
20 voltage 84 at time T 3 . The resistor 58 provides a delay while this is happening such that the 
MOSFET Ml turns on when its drain reaches zero. The greater the current pushed back to the 
primary from the secondary the faster the drain of the MOSFET Ml will fell. Once Ml is turned 
on, the whole process repeats. Both MOSFETS Ml and M2 experienced zero voltage turn on. 
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Another simple control is illustrated in Fig. 3. All the primary components are the same, 
but the control of the MOSFET M2 is accomplished with an extra winding. The MOSFET M2 
itself regulates the voltage by its intrinsic turn-on threshold. Resistors 112, 114, and a winding 
116 turns ratio help to adjust the output voltage. The advantage of this topology is that it is very 
simple. The disadvantage is that the MOSFET M2 is not very well turned on. But for low 
power small converters it is very useful. 

To illustrate the concept and timing algorithm a more general schematic is shown in Fig. 
4A with waveforms in Fig. 4B. The converter could be bi-directional. Lets assume we are 
processing energy from left to right Control CI turns on MOSFET Ml at T Q (in Fig. 4B) at a 

pjb time after it detects a negative current 222 flowing through the current sensor CSi plus a delay so 

U 

fy that the drain of the MOSFET Ml has reached zero. It then decides, only when the current 222 

O has become positive, based on the input voltage or a fixed time, and/or winding voltages, to 

s|si 

[7; shutoff Ml. The algorithm for CI is turned on at zero voltage on the drain of Ml and there is a 

HI 

p*| negative current 222, and as long as the current is negative the MOSFET Ml must remain on; 

15 then when the current is positive it is allowed to decide how long to leave the MOSFET Ml on. 
The decision on how long to remain on is based on either the input voltage, output voltage, 
winding voltages, or peak current 222. The same algorithm applies to the secondary side 
controller C2. Control C2 uses current sensor CS2 with the same algorithm as control CI. The 
current in the MOSFET M2 is monitored. M2 is turned on when its drain is zero and there is a 

20 negative current 224 through it. Again the decision to turn off is allowed only when the current 
224 is positive. The amount of time the current is positive is again up to the power direction and 
the regulation method used. The way the regulation of the input or the output is accomplished 
determines the power direction flow. As long as the base algorithm is followed both switches 
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have zero voltage switching. In Fig. 4B the waveforms are shown. It can be seen that current 
through Ml has the same basic shape as current in M2. The waveforms show power flow from 
primary to secondary since the average of the current 222 in Ml is positive. The gate voltage of 
Ml and the gate voltage of M2 are primarily inverted except for delays needed to achieve zero 
5 voltage switching. At T 0 Ml is turned on, at Ti the current 222 crosses zero and after that the 
control CI decides when to turn off Ml. At T 2 the control CI turns off Ml with a low gate 
voltage 226. After a short delay, to wait for zero volts on the drain of M2, M2 is turned on by 

ff| the control C2 applying to the gate of M2 the voltage 228 since it detected a negative current 
through CS 2 . At time T 3 , the current 224 crosses zero and again the decision to turn off is 

jjja allowed only when the current 224 is positive. At time T 4 the secondary controller C2 decides to 

Ul shut off based on one or more of the input voltage 200, output voltage 212, winding voltage 208, 

HI 

3 or current level in CS2. 

D 

y t The foregoing descriptions of at least one preferred embodiment are exemplary and not 

q intended to limit the claimed invention. Obvious modifications that do not depart from the spirit 

III 

15 and scope of the invention as claimed will be apparent to those skilled in the art. 
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Claim 

1 1 . In a DC — DC converter having a primary circuit connected to a primary winding of a 

2 transformer and a secondary circuit connected to a secondary winding of a transformer, an input 

3 connection to the primary circuit adapted to receive an input voltage and a load connection to the 

4 secondary circuit adapted to connect an output voltage to a load, a first signal-controlled 

5 semiconductor switching device in the primary circuit connected in current controlling relation to 

6 the primary winding of the transformer, and a positive feedback path including a further winding 

m 

C7 of the transformer in the primary circuit, the feedback path connected to apply a control signal in 

j^jj controlling relationship to the first signal-controlled semiconductor switching device; the 

M. 

y? improvement comprising: 

fu 

slO a) a second signal-controlled semiconductor switching device in the secondary circuit 

D 

=11 connected in current switching relationship to the secondary winding of the transformer, 

M» 

5? t>) a control circuit connected in controlling relation to the second signal-controlled 
semiconductor switching device in the secondary circuit, the control circuit being connected to 

14 produce a control signal dependent on a relationship between the output voltage of the converter 

1 5 and a reference voltage, 

16 c) a reference voltage source providing the reference voltage, and 

17 d) the control circuit having an output voltage-dependent, voltage-supplying circuit 

1 8 connection to the load connection and a connection to the reference voltage source, whereby the 

19 control circuit effects energy transfer back to the primary circuit when output voltage rises so as 

20 to alter the duty cycle of the first signal-controlled semiconductor switching device to thereby 

2 1 regulate output voltage. 
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